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A c c u r a t e  clctenni]lation of tlie Martian gravi tat ional  field is very essential, esl)ccially  for
]]~issio]ls UIId CII co]lsidcratio]l f o r  hu]l)all  exl)loration]  of  hlars. ‘J’liere arc striIIgelIt  IIavigatio]]al
]c’{]lli][’]lle]lts2  during critical phases such as aero-assisted Inallcuvers iliclu(li]lg  lalldi]lg, Ivllicll rc-
quiw a ddailed  and accurate description of tile gravitatio]lal  field.  l,andilig w’itlli]l  5 to 10 IIlctprs
of tlIc  targci site and locati]lg Clcrnel]ts  on tile surface of tlIe  planet from orbiti]lg satellites withi]i
3 ]hetms, are scnne c)f tlIcI objectives presc]lt]y  cmIsidcrcd  for these Inissiolls. ‘J’llis ~)al)cr Qxalllilles
the feasibility of improving the accuracy with which the gravitational field can be detcrlni]lcd fronl
dual sate’llite obscrvatio]ls.

Sphmical harmcmic  rcpmcvltatio]ls  of tl[c  Martian gravity field of various degrees (and orclers)
are available from NASA’s Viking Missio]I. ‘J’hc IlalInino g r av i t y  moc]el for hfars of degree 18,
and IIigller  orcler  rel)rcwcntatio]~s  such as the 30th a]lcl 50th clegrec hlars gra~rity  field from hTASA
(;odclard l{cmarch Gvltcv are r e s u l t s  obtaillcd froln  Vilii]lg  ]lavigatio]L  clata. ‘J’lime results lvill k
furt]ler rcfiIIcId  froln  da t a  ohtaillcd fro]l~ tile M a r s  ohser~rc’r  (hfo)  m i s s i o n  curre]lt]y in l)rogrcss,
})articular]y  duri]lg tile gravity calibration phase,

‘J’herewi]l  be a unique opportunity in the next twoor  three years, to obtain  a highly aCCulilt(l
hfla]sg,ravityf ic)l(l f rom the h~ars  Obscrvcv  (lJ.S. )]nissio]] ancl tllc hlars94  (I{ussian) Inission.  ‘1’lIQ
MO spacecraft is in a nearly circular orbit  (ecce]Ltricity,  c = 0,00725) with a se]ni-]najor  axis c)f
3775 kII)  alId at aII inclination of 92.87°. ‘J’lIe  h~ars  94 spacecraft is in a highly  eccentric orbit
(eccc]ltricity,  c = 0.708) with a se]ni-]najor  axis of 12650 kIII a](d at an illclinatio]l of 90 degrcm, It
is pro]) osccl that  these two spacecraft  he observed wit]l  2-wray  a]ld 3-w’ay  ])opplcr  clata  (i]lcluding
l)rovisio]ls  for cliflercwcccl  clata WIICIICVCII  feasible) from the 3 NASA l)cIcp Space Network tracki]lg
static)]ls  at GoldstoIIe, Canberra  aIIcl hfadrid  ancl from the llussia]l traclii]lg stat.icnw at Yc’vl)atc)riya
aIIcI Ussuriisli. With diffcrcwt  co]nbinations  of these navigation data to the two satellites, tile hlars
gravity fidd will bc furtlicr  rcfinecl.

Our prcli]ni]]ary statistical stuclies  with analysis in the frequcmcy  clomai]ld’6 indicate defi]litc
ilnl)rovelnmlts to the gravity fidcl from clual satellite obsc’rvations. l\71]en  the two satellitc~s arc’ near
tllcir rcxlmctive pcwiapscs,  i]lfcmnatio]l  (transfer function) is obtain ccl as fc)r the case of tlic “lc)w-
]owr satelitc’”  co]] figuration4’5 w’ith a slua]l  a]lgular s e p a r a t i o n  in their  grou]ld-traces.  \\’lleIl  tile
h’lars 94 satellite: is near its apoa])sis, the “lligll-low”  colltlguratio]}4’5 ~)rovides tllc corrcsl)onding
information]]. Apart from the assulnptio]) of a ‘iflat hfam” , numerous oth~r assulnl)tiol]s also on tile
visibility of tile two spacecraft, scheduli]lg cjf c)bscrvatiolls  and data ]Ioise for tllc relative velocity
]Ilcasure]ncnts  have been ]nadc, for analysis ill tile frequency do]nai]l,
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l)ptaild wcmli  011 the dc’terlni]latio]i  of h!ars gravity field from various co]nl)i]latiolls  of radiO
]netric data 10 tllc M O  a]ld tllc hlars 9.1 sjmwcrafts  is I) IcwI)tly uIidcII wwy at tlIQ J e t  l’ro})ulsio]i
l,iil)[)l’iit[) l’y. ‘1’hd covaria]lcc al~alysis  is being carried out ~vitll a ]nulti-satdlitc nav iga t i on  a]laly -
sis sc)f~warc  (I, I; XI JS), a]ld tl]c  d e t a i l e d  results of this study will  be l)rmmltd  in tile I)aI)er. ‘ITIIC
g;mIIIctry  for radio]  nctric olwmwticl]ls oll tllc ttvo spacccrafts, a s s u m p t i o n s  on tllc orl)ila] I)ara]llc-
tcrs aIId  a]lticilmtd “ a c t u a l ’ ) t]acking of hlars 9-1 a]id a list of va]ious co]l]hi]]ations  (of data) for
covariancc an:ilysis arc i]ldicatd in tllc vimvg,ral)hs  at tached.  l)relilninary cstimatcm  I)ased 011 VWY
a])])roxi]ilate  a]lalysis in the frequc]lcy  do]llain  indicate that i]nprovc]nmits hy factors varying froln
2 to 10 ( d e p e n d i n g  on tllc wave  ]iumbcr) call k cjl~tai]]d  in tllc clcgrm? varia]lccw i]l the g r a v i t y
field.  ‘J’IIe{letails  forcollll)lltels ilillllatiolls fortllc cc)l’ali:illcea  llalysisall(l the final  r e s u l t s  will hc
‘~)rcscntd ill tllc ~)alm,
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JPL STATISTICAL STUDY ON A MARS
GRAVITY FIELD DETERMINATION

86 ORBITS OF MARS ORBITER (M. O.) (GLOBAL COVERAGE)
WITH 2-WAY DOPPLER ONLY

ADD 3-WAY DOPPLER (M.O.) (U.S. ONLY)

ADD 3-WAY DOPPLER M.O. (U.S. AND RUSSIAN)

80 ORBITS OF MARS 94 (GLOBAL COVERAGE) WITH 2-WAY DOPPLER ONLY

ADD 3-WAY DOPPLER MARS 94 (RUSSIAN ONLY)

ADD 3-WAY DOPPLER MARS 94 (U.S. AND RUSSIAN)

COMBINE M.O. AND MARS 94 (2-WAY DOPPLER ONLY)

COMBINE M.O. AND MARS 94 (ALL DOPPLER)

COMPARE COEFFICIENT VARIANCES

COMPARE GLOBAL GEOID UNCERTAINTY MAPS
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